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CONVERTER WITH SHORT-CIRCUIT
CURRENT LIMITING

BACKGROUND OF THE

INVENTION

Field of the Invention

The invention relates to a device for converting an electric
current comprising at least one phase module having an AC
voltage connection and at least one DC voltage connection
wherein semiconductor valves which have semiconductor
modules connected 1n series and serve for switching the elec-
tric current between the AC voltage connection and each DC
voltage connection and at least one energy store for storing

clectrical energy are provided.

Such a device 1s already known from DE 43 30 381 Al,
which describes two converters connected to one another on
the DC wvoltage side, whereimn semiconductor valves for
switching an electric current are provided. The semiconduc-
tor valves comprise a series circuit of submodules, wherein
cach submodule has at least one semiconductor module com-
prising a turn-oif power semiconductor and a freewheeling
diode reverse-connected in parallel therewith. A central
capacitor 1s provided in the DC voltage circuit. In the case of
a power semiconductor not being turned off, for example 1n
the case of a turn-oif failure of the power semiconductor as a
result of a fault, a bridge short circuit can arise in the branch
of the disturbed power semiconductor, the intermediate
capacitor or capacitors immediately being discharged by said
bridge short circuit. This can lead to an arc in the converter
and thus to the explosion of the entire converter. In order to
avoid or at least to reduce the adverse effects of the explosion,
DE 4330381 Al describes a so-called reversible short-circuit
current limiter arranged 1n series with the capacitor or capaci-
tors of the DC voltage intermediate circuit. The reversible
short-circuit current limiter has a PTC thermistor alongside
varistors and ohmic resistances. The response time of the PTC
thermistor or thermistors, that 1s to say the time which elapses
until the increase in the resistance as a result of a rise in
temperature brought about by the short-circuit current, 1s
approximately 100 us. On account of this long response time,
however, destruction of the semiconductor modules cannot
always reliably be avoided, since 1t may already occur after a
shorter time duration.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the mvention, therefore, to provide a
device of the type mentioned 1n the introduction by means of
which the adverse eflects of a bridge short circuit can be
cifectively and reliably reduced.

The mvention achieves this object by virtue of the fact that
cach semiconductor module has semiconductor groups con-
nected 1n parallel with one another, wherein each semicon-
ductor group of the semiconductor module 1s connected to at
least one of the energy stores via a dedicated separate semi-
conductor group current path.

The mvention 1s based on the insight that the effects of a
bridge short circuit can be effectively suppressed by reducing
the energy converted 1n the arc that arises. In the context of the
invention, this can be brought about by virtue of the fact that
an appreciable portion of the energy ol the energy store 1s kept
away Ifrom the defect site occurring in the short-circuit situ-
ation or care 1s at least taken to ensure that the same energy 1s
converted 1n the arc over a relatively long period of time, with
the result that the arc power 1s reduced. This can be brought
about for example by increasing the ohmic resistance or by
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2

increasing the inductance of the short-circuit branch. The
increase 1n the ohmic resistance and the inductance in the
short-circuit branch 1s provided by the separate electrical
linking of the energy store or stores to semiconductor groups.
This 1s also advantageous because the commercially available
semiconductor modules typically already have semiconduc-
tor groups connected 1n parallel. Said semiconductor groups
of a semiconductor module have for example a common
control line and can therefore be transferred only jointly by
means of expedient control signals from an on-state position,
in which a current flow via the power semiconductors or
semiconductors 1s possible, mto an off-state position, 1n
which a current flow via the semiconductors 1s interrupted. A
fault in the semiconductor module during turn-oif 1s usually
present only 1n one of the semiconductor groups of the semi-
conductor module. In the short-circuit situation, therefore,
the short-circuit current 1s essentially initially carried only by
one semiconductor group. As a result of each semiconductor
group being electrically separately connected 1n sections to
the energy store of the converter, despite a low-resistance and
low-inductance busbar linking of the entire device during
normal operation the resistance and the inductance are greater
in the fault branch that arises since only a small conductor
cross section 1s available for the high short-circuit current
over a certain length of the short-circuit branch and the cur-
rent path for the fault current has an increased inductance. The
fault current 1s therefore reduced overall, with the power
converted in the arc simultaneously being reduced. The semi-
conductor modules comprise the jointly drivable semicon-
ductor groups. Furthermore, the semiconductor modules can
also have the freewheeling diode connected 1n the opposite
sense. A submodule comprises at least one semiconductor
module.

Advantageously, at least each semiconductor group current
path 1s composed of high-grade steel 1n sections. Through the
use ol high-grade steel instead of the copper usually used, the
ohmic resistance 1s increased even further with an improved
short-circuit current limiting as a consequence.

In accordance with a further configuration of the device
according to the mnvention, each energy store comprises sub-
energy stores connected 1n parallel with one another, wherein
cach sub-energy store 1s connected to a semiconductor group
via a dedicated separate semiconductor group current path. In
the art of energy transmaission and distribution, energy stores,
such as capacitors, often comprise a parallel circuit of differ-
ent sub-energy stores, wherein the energy stores are con-
nected to a pole of the DC voltage intermediate circuit via a
plurality of connection terminals. In the context of the inven-
tion, the connection of the separate connections of the sub-
energy stores 1s not arranged upstream of the semiconductor
groups, but rather only downstream of the semiconductor
groups. In the short-circuit situation, therefore, only one sub-
energy store 1s discharged, which has a lower capacitance 1n
comparison with the total of all the sub-energy stores and has
therefore stored less energy. In the short-circuit situation,
only a fraction of the energy of the energy stores acts on a
defect site 1n the semiconductor module.

If 1t 1s necessary from a circuitry standpoint for the semi-
conductor group current paths already to be connected
upstream of the semiconductor modules, then this can be
done inductively, for example. Thus, the semiconductor
group current paths are expediently connected to one another
via balance impedances. The balance impedances are for
example part of the submodule. In a departure from this, the
balance impedances are provided as branch inductors 1n the
converter. In this case, the energy stored 1n the energy stores
that are not connected to the defect site 1s converted for the
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most part in the balance impedances. Said balance imped-
ances usually serve for balancing the voltage respectively
dropped across the energy stores.

The balance impedances expediently comprise resistances,
inductances and/or a combination of resistances and nduc-
tances.

A central energy store 1s expediently provided, which 1s
connected to the DC voltage connection. Voltage source con-
verters comprising a central energy store have already been
known and commercially available for a long time.

In a departure from this, however, the semiconductor
valves can comprise a series circuit formed by submodules,
wherein each submodule has at least one semiconductor mod-
ule and an energy store. In accordance with this advantageous
turther development, the energy stores are distributed among
the semiconductor modules, such that a so-called multilevel
converter 1s provided.

Further advantages and configurations of the invention are
the subject matter of the description of exemplary embodi-
ments of the mvention with reference to the figures in the
drawing, wherein 1dentical reference symbols refer to 1dent-
cally acting component parts and wherein

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 shows an exemplary embodiment of a device in
accordance with the prior art 1n schematic illustration,

FIG. 2 shows an exemplary embodiment of the device
according to the mvention in schematic illustration,

FIG. 3 shows a more detailed view of a semiconductor
module,

FIG. 4 shows an example for the busbar linking of the
semiconductor module comprising semiconductor groups,
and

FIG. 5 shows a further exemplary embodiment of the
invention with sub-energy stores.

DESCRIPTION OF THE INVENTION

FIG. 1 shows an exemplary embodiment of a device in
accordance with the prior art. The converter 1 illustrated
therein has a phase module 2 having two DC voltage connec-
tions p and n. Furthermore, an AC voltage connection 3 can be
discerned, wherein a semiconductor valve 4pl extends
between the AC voltage connection 3 and the DC voltage
connection p and a further semiconductor valve 4»1 extends
between the negative DC voltage connection n and the AC
voltage connection 3. Only one phase module 2 1s illustrated
in FIG. 1, for reasons of clarity. However, 1t should be pointed
out that a phase module 2 1s provided for each phase of the AC
voltage power supply system connected to the converter 1,
wherein all the phase modules 2 are constructed identically to
the phase module shown 1 FIG. 1. A bridge circuit 1s gener-
ally realized by the semiconductor valves. Alongside the
phase modules 2, the device 1 in accordance with FIG. 1
turthermore comprises a central energy store in the DC volt-
age circuit p, n, said central energy store being configured as
a capacitor 5.

In the examples shown, each semiconductor valve 4pl
comprises a series circuit of submodules, which here in each
case¢ have a semiconductor module comprising turn-off
power semiconductors, wherein a freewheeling diode 1s
reverse-connected 1n parallel with each turn-off power semi-
conductor, as 1s indicated by the circuit symbols 1n FIG. 1.
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4

The number of semiconductor modules connected 1n series 1s
dependent on the respectively prevailing voltages 1n the DC
voltage circuit.

FIG. 1 indicates by the jagged arrow that a bridge short
circuit has occurred. It 1s thus possible, for example, that one
of the semiconductor modules can no longer be turned off and
makes no contribution to the dielectric strength of the semi-
conductor valve 4pl. The voltage between the AC voltage
connection 3 and the DC voltage connection p 1s thus dropped
across the remaining intact semiconductor modules. In the
present case, the number of remaining intact semiconductor
modules 1s unable to reliably block the voltage present. In
other words, the AC voltage connection 3 1s put at the poten-
tial of the positive DC voltage connection p. If the control of
the converter transfers the semiconductor valve 4z1 1nto its
on-state position, a bridge short circuit occurs, with the result
that the central capacitor 5 1s immediately discharged. If
bonded semiconductor modules are used, the bonding wires
of the semiconductor module are vaporized, in which case an
arc arises 1n which the capacitor energy 1s completely con-
verted within a few microseconds. The semiconductor mod-
ule consequently explodes with failure of the converter 1.

FIG. 2 shows an exemplary embodiment of the device 6
according to the imvention. It can be discerned that the semi-
conductor valve 4p1 or respectively 4r1 comprises semicon-
ductor modules 7 connected in series with one another,
although for reasons of clarity FIG. 2 1llustrates only 1n each
case one semiconductor module 7 per semiconductor valve
4dp1 or respectively 4r1. It can furthermore be discerned that
cach semiconductor module 7 comprises three semiconduc-
tor groups 8a, 8b, 8¢ connected in parallel with one another,
wherein the semiconductor groups 8a, 85, 8¢ of a semicon-
ductor module 7 can be transferred via a common control line
9 only jomntly from an off-state position into an on-state
position or respectively from an on-state position nto their

oll-state position. The semiconductor groups 8a, 85, 8¢ com-
prise turn-oif power semiconductors, for example so-called
GTOs, IGBTs or the like. A freewheeling diode (not 1llus-
trated pictorially in FIG. 2) 1s reverse-connected 1n parallel
with each of said turn-oif power semiconductors, as has
already been indicated in FIG. 1. In contrast to the prior art
illustrated 1n FIG. 1, the central energy store 5 1s not con-
nected via a single connecting line to the semiconductor
modules 7 of the respective semiconductor valve 6p1 or 671.
In the context of the invention, the central energy store 5 1s
connected via a plurality of separate semiconductor group
current paths 10a, 105 and 10c¢ to a respective semiconductor
group 8a, 8b and 8c, respectively. A fault generally occurs
only 1n one semiconductor group 8a, 85, 8c. The short-circuit
current 1s therefore constrained to flow only via one semicon-
ductor group current path. In the case of a fault in the semi-
conductor group 8b, the short-circuit current therefore flows
via the semiconductor group current path 105. On account of
the reduced conductor cross section in comparison with the
total of all the semiconductor group current paths, an increase
in the inductance and 1n the ohmic resistance occurs and a
reduction of the energy and power converted 1n the arc thus
occurs. The effects of an arc or of an explosion caused thereby
are therefore attenuated according to the mvention.

FIG. 3 1llustrates once again that the commercially avail-
able semiconductor modules usually comprise semiconduc-
tor groups which are connected in parallel and which are
already equipped with separate connection terminals. The
freewheeling diodes reverse-connected in parallel with the
respective turn-oif power semiconductors were not illustrated
in the right-hand part of FIG. 3, for reasons of clarity.
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FIG. 4 shows a slotted connection plate used to realize the
semiconductor group current paths 10a, 106 and 10c, by way
of example.

FIG. 5§ shows a further exemplary embodiment of the
invention, wherein, however, the central energy store 5 com-
prises sub-energy stores 11a, 115 and 11¢ connected 1n par-
allel with one another. In this case, each sub-energy store 11a,
115 and 11c¢1s connected to a semiconductor group 8a, 85 and
8c, respectively, via a separate semiconductor group current
path 10a, 1056 and 10c¢, respectively. I a fault occurs 1n the
semiconductor group 8b, only the energy stored 1n the energy
store 115, but not the total energy of all the energy stores, 1s
converted 1n the arc.

Balance impedances 12 are arranged between the semicon-
ductor current paths. Said balance impedances 12 comprise
ohmic resistances or inductances 13. Upon the discharge of a
sub-energy store, for example of the sub-energy store 115, on
account of a short circuit of the semiconductor group 8¢, the
energy stored in the energy stores 11a and 11c¢ 1s balanced by
means of the balance impedances 12.

In a departure from the exemplary embodiments shown in
FIGS. 2 and 3, 1t1s also possible in the context of the invention
to distribute the energy stores in the semiconductor valves. In
this case, each semiconductor valve has a series circuit
tformed by submodules. In this case, each submodule has a
sub-energy store alongside at least one semiconductor mod-
ule. However, the series circuit of semiconductor modules
within a semiconductor valve 1s maintained in the case of
such so-called multilevel converters as well.

The mvention claimed 1s:

1. A device for converting an electric current, the device
comprising;

at least one phase module having an AC voltage connection

and at least one DC voltage connection;

said phase module including semiconductor valves having

semiconductor modules connected 1n series and serving
for switching the electric current between said AC volt-
age connection and each said DC voltage connection,
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cach of said semiconductor modules having semicon-
ductor groups connected 1n parallel with one another;
at least one energy store for storing electrical energy; and
dedicated separate semiconductor group current paths con-
necting each of said semiconductor groups of said semi-
conductor module individually to said at least one
energy store, said separate semiconductor group current
paths directly connecting said semiconductor groups to
said energy store without the imposition of additional
inductors thus functioming as a low-inductance busbar

link.

2. The device according to claim 1, wherein each of said
semiconductor group current paths 1s composed of high-
grade steel at least 1n sections.

3. The device according to claim 1, wherein each said
energy store comprises sub-energy stores connected 1n par-
allel with one another, wherein each of said sub-energy stores
1s connected to one of said semiconductor groups via one of
said dedicated separate semiconductor group current paths.

4. The device according to claim 3, further comprising
balance impedances, said dedicated separate semiconductor
group current paths are connected up to one another via said
balance impedances.

5. The device according to claim 4, wherein said balance
impedances have one of resistances, inductances and a com-
bination of said resistances and said inductances.

6. The device according to claim 5, wherein said dedicated
separate semiconductor group current paths are connected to
one another via said inductances.

7. The device according to claim 1, wherein said at least
one energy store 1s a central energy store connected to said at
least one DC voltage connection.

8. The device according to claim 1, wherein said semicon-
ductor valves contain a series circuit formed by submodules,
wherein each of said submodules has at least one said semi-
conductor module and said energy store.
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